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EECS E6321 Tutorial 02
Verilog, Synthesis, STA

Mingoo Seok & Previous TAs
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Semi-Custom Design Flow: Block-level

Functional
verification

Post-synthesis
Dynamic timing verification

Design
Compiler

ModelSim
VCS

Post-synthesis
Static timing verificationPrimeTime

Post-synthesis
Power analysis

Automatic Placement and 
Routing (APR)

Encounter

Behavioral Verilog (RTL)
*.v

Logic synthesis

std. cell lib
*.db *.sldb

Structural Verilog *.nl.v
Timing info. *.sdf

Testbench 
tb*.v

ModelSim
VCS

Layout

DRC/LVS Check

Virtuoso
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§ Copy files from
§ /courses/ee6350/proj_2025Spring/ref/matlab

§ lfsr1: example
§ /courses/ee6350/proj_2025Spring/ref/rtl

§ lfsr1: example
§ /courses/ee6350/proj_2025Spring/ref/qsim_rtl

§ tb_lfsr1: example
§ /courses/ee6350/proj_2025Spring/ref/dc

§ common_scripts
§ lfsr1: example

§ /courses/ee6321/share/6321-spring2021/students/qsim_dc
§ tb_lfsr1: example

§ /courses/ee6321/share/6321-spring2021/students/pt
§ lfsr1: example

§ Please run your scripts at your local directories
§ Maintain the same file/directory structure with the sample

To start with…
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§ Pseudo-random pattern generators
§ Generates periodic sequence 
§ Start in a non-zero state

§ FFs plus a few XOR gates

§ When implementing the hardware, we need to make Matlab 
or Python model first for verifying its functionality

Linear Feedback Shift Register (LFSR)

DQ DQ DQ DQ DQ DQ

CLK

Reg[1] Reg[2] Reg[3]
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Matlab: lfsr1.m

DQ DQ DQ DQ DQ DQ

CLK

Reg[1] Reg[2] Reg[3]
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Verilog
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Hardware Description Language (HDL)
§ An efficient way to design, verify, and test circuits

§ Custom design → Fine-grained but with low productivity
§ HDL → Higher development efficiency

§ Popular HDLs: Verilog HDL and VHDL
§ If you are not familiar with Verilog HDL, you can use the 

following tutorials:
§ http://www.verilogtutorial.info
§ http://www.doulos.com/knowhow/verilog_designers_guide

§ Get started with the given example
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Verilog HDL Simulator: QuestaSim
§ Verilog simulator: QuestaSim/Modelsim by Mentor-Graphics
§ Simulator files
1. Testbench file (testbench.v)

§ Defines input waveform
§ Defines output detection

2. Source files
§ RTL-level Verilog file (*.v)
§ Gate-level netlist (output of synthesis or APR)

§ How to define timing constraints?
§ RTL-level: use “#xx” expression (does not affect the actual circuits)
§ Gate-level: include *.sdf file (output of synthesis or APR)

testbench.v

DUT1.v

DUT2.v

output:
results

or
waveform

ModelSim
or

QuestaSim
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Verilog: lfsr1.v

§ `timescale specifies the time unit and precision for the 
modules
§ Format: `timescale <time_unit>/<time_precision>

§ input/output, wire/reg element definition
§ Check the difference between “reg” and “wire” elements!
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Verilog: lfsr1.v

§ ‘always@’: Behavioral presentation – Procedure statement
§ It is better to use the separated element for non-blocking 

assignment (<=) (Up to you!)
§ #0.1 is the artificial delay (to be ignored in logic synthesis)

§ Because time_unit is 1ns, the delay is 100ps

synchronous reset

continuous statement

DQ DQ DQ DQ DQ DQ

CLK

Reg[1] Reg[2] Reg[3]lsfr_next[15] lsfr_next[13]lsfr_next[14]

lsfr_next[12]
lsfr_next[5]

lsfr_next[0]
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Verilog: tb_lfsr1.v

§ clk: Using a ‘reg’ because it is used at the left-hand side of an 
always assignment

§ resetn, seed: using a ‘reg’ in an initial block
§ Clock period is 4 ns

Device-Under-Test (DUT) instantiation
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Verilog: tb_lfsr1.v

§ $fopen opens a disk file
§ QSIM_OUT_FN file is opened for writing
§ MATLAB_OUT_FN file is opened for reading

§ Initial ‘clk’=0, ‘resetn’=0, ‘seed’=1
§ clk signal toggles every HALF_CLOCK_PERIOD
§ At the first falling edge of clk, resetn becomes 1
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Verilog: tb_lfsr1.v

§ From the second rising edge of clk, for loop statement starts
§ You can use files by using $fscanf, $fwrite
§ At the next clock’s rising edge, it starts new comparison

§ In this testbench, 256 comparisons are repeated
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§ Command: $vsim –do “runsim.do”
§ vsim command is used to invoke the VSIM simulator
§ ‘-do’: instructs vsim to use the command specified by “cmd” or the “file”
§ Format: vsim [-do “cmd” | <file>]

§ You can use shell scripts or Makefile

How to Run Simulation
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§ vlib command creates a design library
§ vmap command defines a mapping between a logical library 

name and a directory
§ Format: vmap [<logical_name>] [<path>]

§ vlog command compiles Verilog source code into a specified 
working library
§ ‘-incr’: performs an incremental compile

How to Run Simulation: runsim.do

Reference: https://users.ece.cmu.edu/~kbiswas/modelsim/se_man.pdf
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§ vsim command
§ ‘-t’: Specifies the simulator time resolution
§ ‘-lib’: Specifies the default working library
§ Format: vsim [-arguments] [<library_name>.<design_unit>]

§ do command executes commands contained in a macro file
§ run command advances the simulation

How to Run Simulation: runsim.do

Reference: https://users.ece.cmu.edu/~kbiswas/modelsim/se_man.pdf
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§ onerror commands specifies one or more commands to be 
executed when a running macro encounters an error

§ add wave commands adds the following objects to the 
window

§ WaveActiveNextPane commands create a pane which 
contains signals

How to Run Simulation: waveformat.do

Reference: https://users.ece.cmu.edu/~kbiswas/modelsim/se_man.pdf
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§ TreeUpdate command refreshes waveforms
§ WaveRestoreCursors command restores any cursors you 

set during the original simulation
§ WaveRestoreZoom command restores the Zoom range you 

set
§ Configure wave commands are used only in saved Wave 

format files

How to Run Simulation: waveformat.do

Reference: https://users.ece.cmu.edu/~kbiswas/modelsim/se_man.pdf
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Synthesis: 
Design Compiler (DC)
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§ Translate *.v file (RTL code) to *.nl.v file (gate-level netlist)
§ You can name the gate-level netlist your own way, if you maintain the 

extension as .v

§ Inputs of Design Compiler
§ RTL code of your design (*.v): lfsr1.v
§ Standard cell library (*.db, *.sldb):  common.tcl
§ Timing constraints (*.tcl): timing.tcl
§ Synthesis flow commands/setup (*.tcl): lfsr1.tcl

§ Outputs of Design Compiler
§ Gate level netlist (*.nl.v)
§ Timing information (*.sdf)
§ Synthesis report (*.rpt)

Overview of Design Compiler (DC)
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1. Read design and library
2. Set design constraints

§ Timing constraints
§ Loading constraints
§ Other constraints (e.g. set_max_fanout)

3. Compile
4. Analyze and generate reports

§ These 4 steps are organized in *.tcl file

Four Steps to Run Synthesis
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§ Step 1: Read design and library

Synthesis: lfsr1.tcl
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§ If you have your own standard cells *.db file (Lab03), you can 
add it here to tell the design compiler to use them for 
mapping

§ You can also use set_dont_use CELLNAME to tell the 
design compiler not to use certain cells when mapping

Library file: common.tcl

Related to basic HDL operators
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§ Link library
§ Used to resolve the cell reference
§ When you refer to some cells from another part of the design or from 

the technology library, you need to link the library to use the cells
§ Target library

§ Used to map the behavioral model to the structural model
§ Design Compiler uses this library to select cells for optimization and re-

mapping
§ Example

Link Library vs. Target Library

If you use the cell provided from Foundry, you need 
to define the ‘link_library’ to refer the cell

The ‘target_library’ should be needed to map this 
behavioral expression to the structural model
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§ Step 2: Set design constraints
§ Timing constraints 
§ Loading constraints
§ Other constraints (e.g. set_max_fanout)

Synthesis: lfsr1.tcl
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§ Virtual clock can be used for synthesizing combinational logics

Constraint file: timing.tcl



27

§ Define the clock timing

Constraint file: timing.tcl
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Constraint file: timing.tcl

If input_delay is Tm, the logic (green 
circle) should be done within Tclk - Tm

If output_delay is Tt, the logic (green 
circle) should be done within Tclk - Tt
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§ Step 3: Compile

Synthesis: lfsr1.tcl
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Synthesis: lfsr1.tcl
Step 4: Analyze and generate 
reports



31

§ Command: $dc_shell –f “<filename>” | tee <output logfile>
§ When you use “tee” command, log messages are saved in the logfile

§ You can use shell scripts or Makefile

§ Output files
§ Gate level netlist (*.nl.v)
§ Timing information (*.sdf)
§ Synthesis report (*.rpt)

How to Synthesize
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§ This module is composed of standard cells provided by the 
Foundry

Synthesis Output File: lfsr1.nl.v
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§ It includes delay information
§ It will be used in post-synthesis dynamic timing verification

Synthesis Output File: lfsr1.syn.sdf

min:typ:max 
setting

Interconnect delay

Cell delay

r_delay f_delay
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§ Area analysis
§ This is just area estimation from synthesis
§ It doesn’t consider actual interconnect and floorplan

Synthesis Output File: lfsr1.dc.rpt
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§ Power analysis
§ No information about the inputs -> inaccurate

Synthesis Output File: lfsr1.dc.rpt
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Synthesis Output File: lfsr1.dc.rpt

Timing analysis

clock period = 4 ns

Slack: Negative indicates a violation
Make sure it MET!

It shows individual contribution 
to path delay
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§ Post-synthesis dynamic timing verification
§ CAD tool: ModelSim
§ Compare with RTL-level verification, what’s the difference?

§ Post-synthesis static timing and power verification
§ CAD tool: PrimeTime
§ What you get:

§ the worst-case delay path
§ power consumption with detailed switching activities
§ setup/hold time violations

§ DC also provides these information, but inaccurate

After Synthesis…
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§ qsim_rtl/tb_lfsr1/runsim.do

§ qsim_dc/tb_lfsr1/runsim.do

§ For simple verification, you can share the same testbench

Verilog Simulation w/ Back Annotation

RTL code

Gate-level netlist &
std. cell library



39

§ qsim_dc/tb_lfsr1/tb_lfsr1.v

§ Instead of using $sdf_annotate, you can change “runsim.do”
§ vsim +acc –t ps –lib work –sdftyp lfsr_0=../../dc/lfsr1/lfsr1.syn.sdf 

testbench

Verilog Simulation wi/ Back Annotation

Add delay information

Create the .vcd file
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§ qsim_rtl/tb_lfsr1/tb_lfsr1.v

§ Look up the usage of $dumpvars command
§ .vcd file

§ contains the switching activity for the inputs provided
§ will be used to obtain an estimate of power using PrimeTime

§ We can obtain realistic estimate of power given proper inputs

Verilog Simulation wi/ Back Annotation

Create the .vcd file
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§ RTL code simulation

§ Gate-level netlist simulation

§ If you cannot observe delay, try to change <time_precision> 
of ‘timescale in the Verilog file

Verilog Simulation wi/ Back Annotation

delay

glitch
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PrimeTime
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§ Inputs of PrimeTime
§ Timing constraints (*.tcl): timing.tcl
§ PrimeTime commands/setup (*.tcl): lfsr1.tcl

§ Outputs of PrimeTime
§ Timing information (*.sdf)
§ PrimeTime report (*.rpt)

§ Go back to compile phase if any violations occurs
§ Check power, timing
§ .db file

§ The .db file is compiled version of .lib file
§ It contains

§ units that will be used by the tool for time, voltage, etc.
§ the operating conditions
§ models for timing and power of the standard cells

Post-synthesis Verification wi/ PrimeTime
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§ The PrimeTime script is almost similar to the DC script except 
for analysis parts

§ Clock period here is the same as the Verilog testbench where 
you generate the .vcd file!!

PrimeTime: lfsr1.tcl
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§ Command: $pt_shell –file “<filename>” | tee <output logfile>
§ When you use “tee” command, log messages are saved in the logfile

§ You can use shell scripts or Makefile

§ Output files
§ Timing information (*.sdf)
§ Synthesis report (*.rpt)

How to Run PrimeTime



46

§ If you want to know detail information about DC or PrimeTime 
commands…

§ Run tools without .tcl scripts
§ $dc_shell (DC) / $pt_shell (PrimeTime)
§ Then, you can also type all commands after running tools instead of 

using .tcl scripts (not-effective)
§ Type $man (command name)

Man Commands
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§ Timing analysis (Static timing analysis)

PrimeTime Output File: lfsr1.pt.rpt 

Minimum delay Maximum delay
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§ Switching activity analysis

§ Power analysis (Testbench is used)

PrimeTime Output File: lfsr1.pt.rpt  
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End of the Slides


